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Abstract 

In this article, we study the vertexes ilgflQcf) with the light-cone QCD sum rules, 
then assume the vector meson dominance of the intermediate 0(1020), and calculate 
the radiative decays fig — >■ i^qj. 
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1 Introduction 



Oj' „_i_ 

I ■ In 2006, the BaBar collaboration reported the first observation of the | baryon 0,* in 

the radiative decay ^l* r2c7, where the baryon Clc was reconstructed in decays to 
^ ! the final states 0~7r+, r2~7r"'"7r'', r2~7r"'"7r~7r"'" and E~ K~Tr~^ir~^ [1]. The il* lies about 

70.8 lb 1.0 lb l.lMeV above the and is the last singly-charm baryon with zero orbital 
■ momentum observed experimentally [2]. In 2008, the DO collaboration reported the first 

. observation of the doubly strange baryon in the decay channel 17^^ — t- J/ijj^~ (with 

T^lj- \ J/il) — )• /i'^/U~ and r2~ — t- h.K~ — t- p7r~K~) in pp collisions at = 1.96 TeV (3j. The 

experimental value M^- = 6.165 ib 0.010 ib 0.013 GeV is about 0.1 GeV larger than the 

b 

existing theoretical calculations (see Ref. 0] for a short review on the relevant literatures) ; 
however, the CDF collaboration did not confirm the measured mass [5], i.e. they observed 



Q^ , the mass of the Sl^ is about 6.0544 ib 0.0068 ib 0.0009 GeV, which is consistent with the 

' existing theoretical calculations. 

By now, the I"*" antitriplet states (A^, H+,H[!), and the and I"*" sextet states 
^ ', (r^c, 5]c,H^) and (r2*,S*,H^*) have been well established; while the corresponding 5-wave 

5-H I bottom baryons are far from complete, only the A;,, T,h, E^, Eb, fib have been observed [6]. 

Those heavy baryons are particularly interesting for studying dynamics of the light quarks 
in the presence of a heavy quark. In the heavy quark limit, the three light quarks form 
an SU{3) flavor triplet, 3x3 = 3 + 6, two light quarks can form diquarks of a symmetric 
sextet and an antisymmetric antitriplet [Tj [8] . 

The light-cone QCD sum rules are a powerful theoretical tool in studying the ground 
state heavy baryons, they carry out the operator product expansion near the light-cone 
~ instead of the short distance x ~ 0, while the nonperturbative hadronic ma- 
trix elements are parameterized by the light-cone distribution amplitudes instead of the 
vacuum condensates [9l \10\ [TT]. The nonperturbative parameters in the light-cone distri- 
bution amplitudes are calculated with the conventional QCD sum rules and the values are 
universal. 

In Ref.|12j. we assume the charm mesons -Dso(2317) and I?si(2460) with the spin- 
parity O"*" and l"*" respectively are the conventional cs states, and calculate the strong 
coupling constants {D*cj)\Dso) and{Ds(j)\Dsi) with the light-cone QCD sum rules, then 
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take the vector meson dominance of the intermediate (?f)(1020), study the radiative decays 
Dso — ^ Dtl ^si — >■ -CsT- In previous works [H [T3] (see also Refs.[T31 US]), we have 
calculated the masses and the pole residues of the heavy baryons Jig and the ^ heavy 
baryons with the QCD sum rules. In this article, we extend our previous works to study 
the vertexes Vt*Q^Q(j) with the light-cone QCD sum rules H, then assume the vector meson 
dominance of the intermediate (/>(1020), and calculate the radiative decays fig — )• f^Q7. In 
Ref.[l6], Aliev et al study the radiative decays Sq — )• Sq7, Hq — )• Hq7 and Sq — )■ Aq7 
with the light cone QCD sum rules. 

There have been many works dealing with the strong coupling constants of the pseu- 
doscalar (scalar) octet mesons and vector nonet mesons with the baryons. The pNN, pSE, 
pHH and other strong coupling constants of the nonet vector mesons with the octet baryons 
have been calculated using the light cone QCD sum rules [T71 [181 US]- Refs.pOl [21], 
Aliev et al study the strong coupling constants of the pseudoscalar octet mesons with the 
octet (and decuplet) baryons comprehensively. In Refs.[22l[23]. we study the strong decays 
A^^ —7- pn, S* — )■ Svr and S* — )■ Avr using the light-cone QCD sum rules. Moreover, the 
coupling constants of the vector mesons p and uj with the baryons are studied with the 
external field QCD sum rules [24\. 

The article is arranged as: in Section 2, we derive the strong coupling constants gi, 
g2 and of the vertexes OqJ^qc/) with the light-cone QCD sum rules; in Section 3, the 
numerical result and discussion; and Section 4 is reserved for conclusion. 



2 The vertexes Q*QQQ(j) with hght-cone QCD sum rules 

We parameterize the vertexes OgOgt/) with three tensor structures due to Lorentz invari- 
ance and introduce three strong coupling constants gi, g2 and 53 [25] . 

{^q{p + q)\%{p)(t){q)) = U{p + q)[gi{q^(/- ef,q)j5+ g2{P ■ eq^- P ■ qei,)'y5 

+93{q-eqf,-q^ef,)j5\ U^ip) 
= e^U{p + q)r^'''U,{p) , (1) 

where the U{p) and Ufj,{p) are the Dirac spinors of the heavy baryons Qq and respec- 
tively, the is the polarization vector of the meson (/>(1020), and P = ^^y^. 
In the following, we write down the two-point correlation function n^(p, g), 

U,{p,q) = i j d^xe-'P--{Q\T{mUx)]m)), (2) 
J{x) = e'^^sJ{x)C^^sj{x)j5rQk{x), 

J^{x) = e'^''sf{x)Cj^sj{x)Qk{x), (3) 

where Q = c and 6, the i,j, k are color indexes, the loffe type heavy baryon currents J(x) 
and Jij,{x) interpolate the ^ baryons Qq and the | baryons Qq respectively [11[I3], the 
external vector state (p{W20) has the four momentum q^ with q^ = M| . 

^The results of the strong coupling constants among the nonet vector mesons, the octet baryons and 
the decuplet baryons will be presented elsewhere. 
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Basing on the quark-hadron duality [26\ [27] , we can insert a complete set of interme- 
diate hadronic states with the same quantum numbers as the current operators J{x) and 
J^{x) into the correlation function H^{p,q) to obtain the hadronic representation. After 
isolating the ground state contributions from the pole terms of the baryons VLq and JIq, 
we get the following result, 



(o| j(o) I (g + p)){nQ {q + p)\ n* {p)Hq)){% (p) I J, (o) I o) 



{q+pf 



+ 



-91 

92 



3 - {q + pf 



ML 



p" 
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+ 52 ^ ilhP ■ eq/i - 92 iiilhq ■ P^fi 



+ ••• , 



(4) 



where the following definitions have been used, 



(0|J(0)|J7o(p)) 

{q\j^{qWq{p)) 

Y,U{p,s)U{p,s) 



>^nQU{p,s) , 
>^n*QU^j,{p, s) , 



^Uf,{p,s)U^{p,s) 



9^iu 



Pulf^ 



(5) 



The current J^{x) couples not only to the spin-parity 
spin-parity = h states. For a generic i resonance I^q 



Q _|_ 

I states, but also to the 



(0|J^(0)|f)^(p)) = A,(7, 



^^)U*iP,s), 



(6) 



where A* is the pole residue and is the mass. The spinor U*{p,s) satisfies the usual 
Dirac equation (j/— M^)U*{p) = 0. If we choose the tensor structures /^75(?/^, 4l^l^P ' ^9^) 
fi 'F^l5^fj.: the baryon has no contamination. 

In the following, we briefly outline the operator product expansion for the correlation 
function 11^ (p, q) in perturbative QCD theory. The calculations are performed at the large 
space-like momentum regions {q + p)'^ <^ and <^ 0, which correspond to the small 
light-cone distance ~ required by the validity of the operator product expansion 
approach. We write down the "full" propagator of a massive quark in the presence of the 
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quark and gluon condensates firstly [9l [27] , 

+T[^'^^('9saGs) ^ - £ dvG%{vx) [(1 - v) + ^ + 



-ik-x 



(2^)4 7 [^-mg 4 (A;2 - m|)2 



where {sgsCrGs) = {sggCfapG"'^ s) and ( "°^'^ ) = ( °°'^°^'^ — ), then contract the quark fields 
in the correlation function n^(p, g) with Wick theorem, and obtain the result: 

+757"5q [7a5,y(-x)7^C(0|s,(0)^H2;)l'/'('?)>''C^]} • (8) 

Perform the following Fierz re-ordering to extract the contributions from the two-particle 
and three-particle 0-meson light-cone distribution amplitudes respectively, 

1 

+ Y^^ab(7^75)a/3s(a;)7;,75s(0) 

+ ^'^a6(^75)a/3s(x)i75s(0) , (9) 

S»(0)4(x)GtM = --^5^p-s{x)Gxr{vx)s{Q) - \{r)aps{x)l^,Gxr{vx)s{G) 

-^(o-^'')a/3s(x)o-^^GAr(ra)s(0) 
o 

+ ^{l^l^)a|3s{x)l^llbGxr{vx)s{Q) 

+ ^{il^)al3s{x)ilbG\r{vx)s{Q) , (10) 

and replace the hadronic matrix elements (such as the (0|s(x)7^ 755(0) |(/)(g)), etc.) with 
the corresponding 0-meson light-cone distribution amplitudes, then substitute the full s 
and Q quark propagators into above correlation function and complete the integral in 
the coordinate space, finally integrate over the variable A;, we can obtain the correlation 
function Ii^{p,q) at the level of quark-gluon degree of freedom. In calculation, the two- 
particle and three-particle (/)-meson light-cone distribution amplitudes have been used 
|281 [29l l30l I31j . the explicit definitions are given in the appendix. The parameters in the 
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light-cone distribution amplitudes are scale dependent and are estimated with the QCD 
sum rules [3Ul [3T]. In this article, the energy scale is chosen to be ^ = 1 GeV. 

Taking double Borel transform with respect to the variables = —p^ and Q\ = —{p+ 
q)^ respectively, then subtract the contributions from the high resonances and continuum 
states by introducing the threshold parameter sq (i.e. M^" — )• dss^~^e~^), finally 

we obtain six sum rules for the strong coupling constants gi , §2 and G3 = — (^Mqq + M^^ ^ gi 
— M| + gs) respectively, the explicit expressions are presented in the appendix. 

3 Numerical result and discussion 

The input parameters are taken as = 1.019455 GeV, Mn, = 2.6952 GeV, Mq* = 
2.7659 GeV, Mq^ = 6.165 GeV [6], Mq* = 6.06 GeV, An, = (0.075 ± 0.01) GeV^ Ao* = 
(0.05 ± 0.01) GeV^ An, = (0.10 ± 0.01) GeV^ Xn* = (0.06 ± 0.01) GeV^ [1 [13], = 
(0.215±0.005) GeV, = (0.186±0.009) GeV, a| = 0.0, aj; = 0.0, a| = 0.18±0.08, = 
0.14 ±0.07, C| = 0.024 ±0.008, a| = 0.0, wj = -0.045 ± 0.015, 4 = 0.0, ^ = 0.09 ±0.03, 
a| = 0.0, = 0.0, = 0.20 ± 0.08, A^ = 0.0, 4 = 0.00 ± 0.02, = -0.02 ± 0.01, 

= -0.01 ± 0.03, ^1 = -0.03 ± 0.04, = 0.0, Atf = 0.0 [301 EI], = (140 ± 10) MeV, 
rric = (1.35 ± 0.10) GeV, = (4.7 ±0.1) GeV [6], {qq) = -(0.24 ± 0.01 GeV)^ (ss) = 
(0.8±0.2)(gg), {sgsaGs) = mg(ss), ml = (0.8 ± 0.2) GeV^, and (^^) = (0.33 GeV)^ at 
the energy scale n = l GeV [211 [271 [32] . 

The threshold parameters and the Borel parameters are taken as sq = (10.5±1.0) GeV^ 
and M2 = (2.2 - 3.2) GeV^ in the charm channels, and sq = (44.5 ± 1.0) GeV^ and = 
(5.0 — 6.0) GeV^ in the bottom channels, which are determined by the two-point QCD 
sum rules to avoid possible contaminations from the high resonances and continuum states 
[H [13]. In Refs.[33l Melikhov et al study the ground-state form-factor in an exactly 
solvable harmonic-oscillator model to illustrate the exact effective continuum threshold for 
vacuum-to-hadron correlation function is very difficult to obtain, as the effective continuum 
threshold maybe depend on the Borel parameter. We show the values of the strong 
coupling constants gi, 52 and G3 with variation of the threshold parameters sq in Fig.l. 
From the figure we can see that in the present case the numerical results are insensitive 
to the threshold parameters. 

The main uncertainties come from the six parameters Aq^, Aq^ and mg, the varia- 
tions of those parameters can lead to relatively large changes for the numerical values, 
refining those parameters are of great importance. Although there are many parameters 
in the light-cone distributions amplitudes [301 [3T] , the uncertainties originate from those 
parameters are rather small. 

Taking into account all the uncertainties of the relevant parameters, finally we obtain 
the numerical results of the strong coupling constants gi, g2 and G3, which are shown in 
Fig.2, 

-51 = 6.95+?:^^ GeV-S 
-92 = 1.3511;^^ GeV-2 , 

G3 = 25.0l^°7\ (11) 
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Figure 1: The strong coupling constants gi, §2 and G3 with variation of the threshold 
parameters sq, the Borel parameters are taken to be the central values; the (I) and (II) 
correspond to the charm and bottom channels respectively. 
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Figure 2: The strong coupling constants gi, §2 and G3 with variation of the Borel pa- 
rameter M^; the (I) and (II) correspond to the charm and bottom channels respectively. 
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and 



-51 = 7.631^:80 GeV-S 
-g, = 0.34t°i° GeV-2 , 

G3 = 72.5l?^J, (12) 

in the charm and bottom channels respectively. In this article, we calculate the uncertain- 
ties 5 with the formula 



IZ(^) \x.=xAxi - XiY , (13) 

i 

where the / denote strong coupling constants gi, 52 and 03, the Xi denote the relevant 
parameters mg, {qq), {ss), As the partial derivatives ^ are difficult to carry out 

analytically, we take the approximation {xi — Xi)'^ ^ [f{xi ± Axj) — /(Sj)]^ in the 

numerical calculations. 

The light-cone QCD sum rules approaches have been applied to determine the strong 
coupling constant g^* d-k in the strong decay D*~^ — )• D^tt^ both in the leading approxima- 
tion [35l [36] and the next-to- leading order approximation [37| . The discrepancy between 
the experimental data from the CLEO collaboration and the theoretical predictions is 
rather large. The upper bound go* d-k = 13.5 {gD*Dn = 10.5 it 3.0 ^37j) is too small to 
account for the experimental data, go* d-k = 17.9 it 0.3 it 1.9 [381 EH]. There have been 
several explanations, for example, Becirevic et al take into account the contribution from 
an explicit radial excitation to the hadronic spectral density to improve the value of gu* d-k 
[40]; Kim tries to subtract the term M^e which is supposed to come from a math- 
ematically spurious term and should not be a part of the final sum rules to smear the 
discrepancy [31]; while Duraes et al resort to the intermediate hadronic loops to improve 
the predictive ability [12]. Or the simple quark-hadron duality ansatz which works in the 
one- variable dispersion relation might be too crude for the double dispersion relation [43] . 
Irrespective of the possible reasons, the light-cone sum rules cannot give satisfactory value 
to account for the experimental data in the channel D*'^ — t- D^-k^ , while the light-cone 
QOD sum rules are rather successful in calculating the strong coupling constants among 
the baryons, baryons and mesons, for example, we study the strong decays A++ — )• p-K, 
S* — )• Svr and S* — )• Avr using the light-cone QOD sum rules, and observe that the numer- 
ical values of the widths are in agreement with the experimental data within uncertainties 
[22I [23] . The present predictions for the values of the strong coupling constants gi , g2 and 
03 are reasonable. 

The radiative decays — )• ^2q7 can be described by the following electromagnetic 
lagrangian C, 

jC = -eQbbjf.bA'' -eQcn^cA'' -eQsS-f^sA^' , (14) 
where the is the electromagnetic field. Prom the lagrangian C, we can obtain the decay 
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amplitude with the assumption of the vector meson dominance, 

{nQ{p)j{q)\C\n*Q{p + q)) = -eQ,rj;{nQip)\srs\n*Qip + q)) + --- 

= -eQsV;UM^e^^^j^{(l){q)nQ{p)\n*Q{p + q)) + ■ ■ ■ 

= ^^%^f/(p)r"%,(p + g) + ---, (15) 
where the r]^ is the polarization vector of the photon. In the heavy quark limit, the matrix 

_ 3 

elements {^Qip)\Q^fiQ\^Q{p + q)) oc Af^^^^-^^ and can be neglected, so we consider only 
the contribution of the intermediate (j){1020). 

From the strong coupling constants gi and g2, we can obtain the decay widths Tq^^q^^^, 

^ ss' 

the numerical values are 



Tnt^n,, = 0.74+oj4eV. (17) 

Here we take the value M^i^ = 6.0544 GeV from the CDF collaboration [5J, if we take the 
value Mfi^ = 6.615 GeV from the DO collaboration [3j, the radiative decay — )• is 
kinematically forbidden. Comparing with the values from the consitutent quark model 
rn*-).nc7 ~ 3.13 KeV [44], the hyper central model Tq*^^^^^ = 0.79 KeV |44j) and the non- 
relativistic potential model Tq*^q^^ = 0.36 KeV [45], the present prediction Tfi*^^^^ = 
1.16l^Q54 KeV is rather good, though the uncertainty is somewhat large. 



4 Conclusion 

In this article, we parameterize the vertexes 0,Q^}Q(j) with three tensor structures due 
to Lorentz invariance, study the corresponding three strong coupling constants with the 
light-cone QCD sum rules, then assume the vector meson dominance of the intermediate 
(/)(1020) as the contributions from the J/ip and T are negligible in the heavy quark limit, 
and calculate the radiative decay widths Fq'^^Qq^. The predictions can be compared with 
the experimental data in the future. The strong coupling constants in the vertexes QqQqcJ) 
are basic parameters in describing the interactions among the heavy baryon states, once 
reasonable values are obtained, we can use them to perform phenomenological analysis. 
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Appendix 



The light-cone distribution ampHtudes of the (/)(1020) meson are defined by [2 ^ [50 1 [5T] . 



e • X 



Q ' X Jq 



+ 



e • X 



1 e ■ X 
--X, 
2 



lb 



+ [q^Xu - QuXfj] 



e ■ X 
{q ■ x)' 



+- 



(0|s(x)7^75K0)|</)(g)) 

{o\s{x)smHq)) 



Zq ■ X Jq 

4 Jo 
-'-e - xf^Ml j\ue-^'^'i--h!-(\u) , 



(18) 



(O|s(x)7a75G^.Ms(O)|0(g)) = qA^^.qu-e,q^]UM^ J Vae-'^''^+^''^^'^-^A{ai) , 
{0\s{x)ijaGAvx)smHQ)) = qa[e^q.-euq;\f^M^ y"pae-^("^-+''"«)'?-"V(aO , 

{0\s{x)GAvx)s{OM{q)) = [e^qu-euq^]if^Ml / 2?ae-^('^»-+^°«)'?-^5(ai) , 



{0\s{x)aai3G^,y{vx)s{0)\(l){q)) = [qaqt^gpu - qi3q/i9au - qaqvgpix + qfsqugafi] 



-Mi 



e ■ x 



'2q-x 



(19) 



where 



C{u) = g^{u) + ct>\\{u)-2g][> 

C±{u) = hs{u) - (t)±{u) 

J Va = j dasdasdag5{as + cis + dig — \) . 



(20) 



u = 1 — u. 



f± 2ms fl- — fJ 



2m. 



the lengthy expressions of the hght-cone 



distribution amphtudes (t)\\{u), 4>_\_{u), A{u), A_\_{u), g^^\u), g^^'{u), h\^'{u), h]^l''{u), h^{u 
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gsiu), "4.(Qi), S{ai), S{ai), T{ai), V(aj) can be found in Refs. pOj [31]. 
The six sum rules for the strong couphng constants gi, §2 and G3, 

1 Ml^+Ml.^-2u^{l-uo)Ml 
91 = 7 r exp 



2M2 

uoUM^g'l\l - no) , . ^ , , ^^^^^ _^ 



tiA^L^M^E^ix) [ dtt{l-t)e 

uomlf^M^g'-l\l - uq) /-^ , 1 - t 

+ 36M^ io 



+ 36M2 



+ ^^^2 M^Eoix) I dtte ^ 
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uonismlf^MlC^H-uo) asGG. f\l _f| 

-( ) / dt^e 



36M4 ^ TT ' Jq t2 



-2 



UmJI\i-uo) 



— ^ M^E^ifx) / dtte ^ 

47r^ ./n 
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3 3 
18M2 I ^ ' M2 
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1 ^Qg + ^4 - - 2no(l - no)M2 
+ ; exp 



2M2 



3M2 

uorusiss) f^M^A{l - uq) 
6M4 



1 + 



M2 



uoms{sgsCrGs)f^M^ 0||(1 - wo) - 5x^(1 - "(^o) 



9M4 
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M2 
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6M2 



(22) 
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cxp ■ 



2M2 



UM^ (/.||(l-t^o)-5?(l-uo) 



27r2 
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27r2 



M'^Eo{x) / dtt / da^ / dagV 

Jo Jo JuQ—as 



A{ai)-V{ai) _% 
— i — '-e ^ 



an 



14 



+ 



ML + M^* - - 2no(l - uo)Ml 



exp ■ 



2M2 



ms{ss)f^M^ - uo) - gy {I - uq) 



ms{ss)f^MlA{l - no) / 



12M2 



1 + 



M2 



ms{sgs(7Gs)f^M^ - uq) - - uq) 



18M2 



1 + 



M2 



I _| — 



2 ^ 
Q 

M2 



m^/^^M2(s-5,^Gs)^^(l - no) msfJ^MlA^l - uo, , 



24M6 



87r2 



{ss)flMlAyi-uo) f 4(g-.)/^^M2i?^(l-no) 
+ 6 ^ M2 + 3 



{sgsaGs)f';MlByi-uo) I m7 



3M2 



1 + 



+- 



,(s-g)^M^gy(l-no) / 2m|^ 
12 ^ M2 



(23) 



where = M| = 2M2 and uq 



M? 



as 



Q "0 



2' ^ 



"Q-Qs ~2 



4 



«0 

IF 



, and /(I - no) = ^ du dt/(l - 1) , /(I ■ 



no) = /q"" duf{l — u), the /(n) denote the hght-cone distribution amphtudes. For some 
technical details concerning the three particle (/>- meson light-cone distribution amplitudes, 
one can consult Ref.f 
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